The device performance of a solar air heater featured with recycling as well as wire mesh packed was investigated experimentally and theoretically. The deviations between the theoretical predictions and experimental measurements were calculated within 1.07-9.32%. Comparisons were made among different designs including the single-pass, flatplate double-pass, and recycling wire mesh packed double-pass operations. The applications of wire mesh and recycle-effect concept to the present study were proposed in aiming to strengthen the convective heat transfer coefficient due to the turbulence enlargement. The collector efficiency of the recycling wire mesh packed doublepass operation is much higher than the other configurations under various recycle ratios and mass flow rates.
Introduction
Various configurations of solar air heaters have been implemented to enhance the collector efficiency as compared to a simple flat-plate device consisting of glass covers, an absorber plate and air flowing channels [1] . The improved devices were accomplished taking into account the design parameters of strengthening the convective heat-transfer coefficient, enlarging heat-transfer area, and increasing flow turbulence. The technical feasibility of the recycle-effect application to heat transfer devices and reactors has been confirmed by several investigators [2, 3] . The recycling double-pass design has been proposed in the present study to increase the turbulent flow, and thus, the convective heat-transfer coefficient [4, 5] . A new design of solar air heater adopting the wire mesh packed double-pass design under recycling operation is proposed and studied, as shown in Fig. 1 .
The purposes of the present study are: (a) to obtain theoretical predictions and carry out the experimental results for the recycling wire mesh packed solar air heater; (b) to study the effects of the recycle ratio and air mass flow rate on the heat transfer behavior, heat-transfer efficiency improvement and the power consumption increment. 
Theoretical treatment
The new design of double-pass solar air heaters uses the absorbing plate to divide the air flowing conduit into two subchannels and inserting wire mesh into the lower subchannels. The method for the theoretical prediction of collector efficiencies and experimental studies in the present work are similar to those performed in our previous work [6] A schematic configuration is depicted in Fig. 1 while the air flow arrangement is shown in Fig. 2 . After the following assumptions are made in the present analysis: (1) the temperatures of the absorbing plate, bottom plate and air streams are functions of the flow direction only, (2) the glass covers and fluid do not absorb radiant energy, and (3) all outside surfaces of the solar air collector, except the glass cover, are well insulated thermally, the steady-state one-dimensional mathematical formulation was obtained making the energy balance on a finite system element as follows:
The boundary conditions for solving Eqs. (1) and (2) are
The useful energy gained by the flowing air was estimated from the energy balance on the lower subchannel, upper subchannel and whole solar air heater with the known inlet and outlet temperatures, respectively 
The average absorber temperature was readily obtained equating the terms of Eq. (7) as 
Experimental setup
The experimental setup of the recycling double-pass wire mesh packed solar air heater was shown in T which is regulated by means of a valve situated at the end of the lower subchannel. Twenty pieces of the wire mesh were welded into the lower subchannel using the mesh interval of 0.015 m and mesh pitch of 0.003 m. The experimental runs were carried out supplying the ambient air by a blower (Teco 3 Phase Induction Motor) which was measured by an anemometer (Kanmax Japan Inc., Osaka, Japan). By substituting the specified values into the appropriate equations, the theoretical predictions were obtained and are also represented in Figs. 3 and 4 for comparisons.
Results and Discussion
The comparisons of the theoretical predications and experimental results of the device of flat-plate type and wire mesh packed for incident solar radiation variations and mass flow rates of air were presented in good agreement, as observed from . The collector efficiencies W increase with increasing recycle ratio and mass flow rate due to the fluid velocity enlargement and resulting in convective heat transfer coefficient enhancement. The theoretical predictions of W I for the wire mesh packed doublepass devices are best illustrated by calculating the percentage increase in collector efficiency based on that of the downward single-pass device under the same operating conditions with various incident solar radiation, airflow mass flow rate and recycle ratio as parameters as follows: Moreover, the power consumption increment was
, single pass (10) The power consumption increment for the wire mesh packed devices P I is defined as compared to that in the downward single-pass operation
for solar air heaters with wire mesh packed (15)
Considering both the efficiency improvement W I and the power consumption increment P I in the economic sense to obtain the suitable selections of the operating parameters, the ratio of W I / P I was calculated and presented with the recycle ratio and air mass flow rate as parameter. The results indicate the optimal ratio of W I / P I occurs at R=0.5~1.0 for various mass flow rates, as indicated in Fig. 5 . The present work is actually the extension previous work [6] except the recycle configuration. The graphical representation for comparisons with some experimental results and theoretical predictions obtained in Ref. [6] under the same design and operating parameters to illustrate explain how the present device improvement was achieved, as referred to the previous work. The advantage of the present results is evident for all mass flow rates and recycle ratio, as confirmed by 
Conclusions
The collector efficiency improvement in recycling double-pass solar air heaters with wire mesh packed have been developed analytically and experimentally. The comparisons of double-pass configurations with and without attaching wire mesh were made to investigate the device performance improvement. Consequently, applications of the recycle effect with wire mesh attachment for operating double-pass device are technically and economically feasible.
